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1 Introduction 
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We therefore conducted a meta-analysis of controlled experiments examining the impact of measured alcohol dosages vs. no-alcohol on response to noxious stimulation in human participants to determine the: (1) the existence of alcohol analgesia; (2) the magnitude of any analgesic effects; and (3) the impact of moderating variables. 
2 Methods 
This systematic review was conducted in accordance with the PRISMA-P 2015 statement for systematic review and meta-analysis protocols51.  
2.1 Eligibility Criteria 
Studies were included that utilized: (1) adults  given a controlled quantified dose of alcohol; (2) a comparative no-alcohol control group/condition; (3) medically and neurologically healthy participants; (4) an experimental pain stimulus and an established pain assessment (e.g., pain threshold); and (5) were published in an international peer-reviewed journal or conference abstract.  Studies were excluded if samples consisted of chronic pain patients or those with a history of alcohol abuse, as these may represent heterogeneous groups with altered processing of sensory or noxious stimuli7.  
2.2 Search Procedure 













ALCOHOL AND PAIN  
  7
search terms (ethanol OR alcohol) and ((pain OR nociception) OR (analgesia OR analgesi*)) and a number of secondary search terms relating to experimental pain stimuli including 'pressure' or 'mechanical' or 'cold' or 'heat' (see Appendix S1 for details). Search results were refined using limits of human studies and English language. Additional studies were identified by manually searching the reference lists of all relevant articles.   
2.3 Study selection 
After removal of duplicates, two reviewers (CO, BS) independently screened titles and abstracts and developed a list of potentially eligible full text articles. Two authors (CO, BS) applied eligibility criteria and a final list of articles for inclusion was reached through consensus. Corresponding authors were contacted up to 3 times over a six week period to clarify results or to request additional data.   
2.4 Pain outcomes  
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strongly influenced by affective mechanisms1. Pain rating scales provide an easily interpretable index of subjective pain and typically assess sensory (e.g., intensity) or affective (e.g., discomfort) dimensions of pain on a 0-10 self-report scale. 
2.5 Study quality 
Two raters (CO, NA) independently rated each study for methodological quality on a 13-item validity scale assessing methodological rigor, selection and reporting bias (Appendix S2). The scale was based on items from Cochrane collaboration criteria, PRISMA recommendations, PEDro guidelines as reported by Ditre et al.11, and was adapted for studies examined in the current review. 
2.6 Data Extraction 
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2.7 Sensitivity analysis 
Potential consequences of key decisions in the previous section were assessed with sensitivity analysis. In particular, the impact of using r=0.75 as the imputed correlation when study correlations had not been reported, was examined by repeating analyses using a wide range of alternative coefficients in .05 increments from r=0.30-0.90. 
2.8 Meta-analysis 
The standardized mean difference between alcohol and control groups was computed for each study using Hedges' g formula5. This is equivalent to Cohen's 
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Model parameters were estimated using restricted maximum likelihood with separate tests conducted for each outcome. Meta-analysis was only performed for outcomes when more than 5 studies were available, as fewer studies can lead to unreliable parameter estimates for random effects35. Pain ratings were only analyzed for studies where stimulation intensity was identical for both groups (i.e., where a fixed-intensity/fixed-time paradigm was used), to avoid confounding of any group differences in pain ratings with differences in stimulation intensity. 
2.9 Publication bias 
To assess whether overall effect size estimates could be potentially inflated by publication bias, funnel plots of study effect sizes against standard errors/sample size were examined. If the plot suggested asymmetry due to the absence of small sample studies with small effect sizes (i.e., those most likely to be non-significant), this suggests potential publication bias. Asymmetry was tested statistically with Egger’s bias test16, with p<.05 indicating asymmetry. If results were consistent with possible publication bias, a trim and fill method14 was used. This involves estimating a revised effect size after trimming smaller (less precise) studies, and then filling in imputed values from the presumed missing studies to create a symmetrical plot and a more accurate estimate of variance. 
2.10 Meta-regression 
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effects of alcohol were influenced by several variables. Primary moderators were blood alcohol content (BAC) and drinking frequency (mean weekly alcohol consumption), with the rationale that both factors were likely to influence analgesic effects. Secondary moderators were gender composition, time between alcohol administration and pain testing, type of control (active placebo/passive control) and alcohol administration method, and were examined in an exploratory approach, in that it was determined a priori that any significant effects could only be considered preliminary. Study quality was also examined as a potential influence on effect size, with overall quality ratings and key individual design variables of counterbalancing and experimental blinding entered as moderators. Separate analyses were conducted for each moderator.  All analyses were performed using the metafor66 package in R54. 
3 Results 
3.1 Database searches  
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3.2 Study characteristics and study quality 
The 18 retained studies comprised a total of N=404 participants and provided data for 22 group comparisons, as 3 studies19,21,55 reported data for an additional 4 independent samples. Key study characteristics are presented in Table 1. Of the 18 studies, data were missing for mean weekly alcohol consumption (missing 
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confounding with group differences in stimulus intensity - see Section 2.8)  Study characteristics for these two sets of studies are presented in more detail in sections 3.2.1 and 3.2.2 below.  Ratings of study quality showed acceptable agreement across two raters for overall quality ratings, ICC(A,1)=0.75, and across individual items (Kappa=0.61-1.00) with 100% consensus reached where any disagreement had occurred. Mean overall study quality scores were high, M=9.9 (on a 0-13 scale), with most studies (89%) randomizing order/group allocation and 61% of studies employing subject/experimenter blinding (see Appendix S2 for all item ratings).  
 Pain threshold 3.2.1
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negligible alcohol dose, or an inactive control (k=9). Overall study quality scores ranged from 6 to 12 (M=8.9, SD=2.02).  
 Pain intensity ratings 3.2.2
The 9 independent comparisons for pain intensity ratings consisted of 174 participants in the alcohol group/condition and 129 participants in the control group/condition (mean age=27.2 years, 98% male). Two stimulus modalities were used (electric=7, cold=2) to deliver noxious stimulation with a mean baseline pain intensity rated as 5.3 (SD=1.1) points on a 0-10 point scale. Alcoholic drink was the sole method of alcohol administration with a mean dosage of 0.94 ml/kg. Mean BAC was 0.082% (range =0.047-0.100), roughly equivalent to 3-4 (male) or 2-3 (female) standard drinks. Alcohol was compared with either a placebo/pseudoplacebo (k=3) or an inactive control (k=6). Overall study quality scores ranged from 10 to 12 (M=10.83, SD=0.75). 
3.3 Meta-analysis: Pain threshold 
Meta-analysis indicated an overall analgesic effect of alcohol versus control, with significantly higher pain threshold recorded following alcohol administration, 
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3.4 Meta-analysis: Pain intensity ratings 
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-- FIGURE 3 ABOUT HERE --  
3.5 Sensitivity analysis 
Rerunning meta-analysis replacing imputed correlations of r=0.75 with r=0.30 -0.90 produced summary effect sizes ranging from g=0.29-0.39 for pain threshold and g=0.61-0.69 for pain intensity. This result suggests choice of imputed correlation had minimal impact on the effect size estimates. A minimal increase in effect size from the original g=0.35 for pain threshold was observed when excluding Führer and Hammer22, g=0.39, which used atypical pain induction, and Chapman et al.8, g=0.38, which reported semi-IQRs rather than SDs. 
3.6 Publication bias 
A suggestion of asymmetry in the funnel plot of pain threshold was confirmed by Egger's test (p=0.019), indicating potential publication bias. Trim and fill estimates produced a revised effect size estimate of g=0.31, CI95[0.09-0.53], 
p=.005, compared to the original estimate of g=0.35. No obvious asymmetry was evident in the funnel plot of pain intensity with Egger's test non-significant, 
p=.27.   
3.7 Meta-regression 
Significant heterogeneity emerged for pain threshold (Q=31.61, df=12, p=.002; 
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studies. Therefore, meta-regression analyses were conducted to identify potential moderators. 
 Study quality 3.7.1
Effect size was not moderated by overall quality ratings or use of subject/experimenter blinding for pain threshold and pain intensity, or randomization/counterbalancing for pain threshold, p's=.10-.54. Only one within-group study of pain intensity20 reported no counterbalancing (with the no-alcohol condition always occurring first), so moderation analysis could not be reliably performed. Nevertheless, it is interesting to note that this study yielded the only negative study effect size for pain intensity (g=-0.13). 
 Primary moderator: alcohol concentration and drinking frequency 3.7.2
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for elevated pain threshold and .20, CI95[0.05, 0.34] for reduced pain intensity. A moderator plot of BAC against effect size for pain intensity is shown in Figure 4.  Values of pseudo-R2 indicated that variation in study BAC accounted for 65% of heterogeneity in pain intensity ratings and 25% of heterogeneity in pain threshold, leaving relatively low (I2=34%) and moderate (I2=52%) levels of effect size inconsistency in each measure respectively. Drinking frequency (mean weekly alcohol consumption) was not examined as a moderator due to insufficient data33.  -- FIGURE 4 ABOUT HERE --  
 Other moderators 3.7.3
Alcohol was associated with increased analgesia in studies with a higher proportion of males for pain threshold (k=9, B=0.006, p =.005) but not for pain ratings (k=9, p=.36). After rerunning this analysis controlling for BAC, gender composition remained significant (p =.043), suggesting any heightened analgesic effect in studies with more males was not a product of any differences in alcohol concentrations. Time interval between alcohol and pain stimulation, type of control group, stimulus modality, method of administration and familial alcoholism did not moderate alcohol effects for either pain outcome (k= 9-14, 
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4 Discussion 
To the best of our knowledge, the current study is the first meta-analysis to investigate the pain-relieving effects of alcohol assessed in controlled experimental studies.  Eighteen studies of healthy individuals were examined, which provided data for 13 pain threshold comparisons (alcohol n=182, control 
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studies and with effect sizes seemingly robust to suboptimal study quality. Furthermore, analgesic effects are unlikely to be attributable to participant expectancy bias, as effect sizes were similar for placebo (negligible alcohol dosage to reproduce taste and smell) and standard control comparisons. Pain dampening effects of alcohol were also unaffected by method of alcohol administration (oral/intravenous), type of pain stimulation and family history of alcoholism. Although some evidence suggested that analgesic effects for pain threshold may be amplified in males, this finding should be treated extremely cautiously given both the exploratory nature of the analysis and that only a limited number of studies included female participants. Nevertheless, this preliminary finding may have important ramifications and warrants further empirical investigation in primary research. 
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mortality41 and an increased risk for developing future chronic pain conditions17. The current findings suggest that the level of alcohol consumption needed to provide sustained moderate to large analgesia for persistent or recurrent pain exceeds the World Health Organization's guidelines of <20g ethanol (less than two standard drinks) a day24. In addition, continued analgesia may require increasing levels of consumption given that tolerance to alcohol’s analgesic effects with repeated exposure has been demonstrated in rats and is also likely to occur in humans25; although a lack of available data on average weekly alcohol consumption in the current review precluded an empirical investigation of this possibility. As such, efforts to promote alternative pain management strategies (e.g. physical therapy, exercise, controlled use  of pain medication) with  fewer long-term  health consequences may prove extremely beneficial. At the same time, the analgesic effects of alcohol may also provide leads for the search of less toxic and non-addictive forms of analgesia.  An additional, experimental implication is that alcohol consumption should be restricted prior to pain testing to optimize reliability of pain assessment. Although alcohol elimination is affected by several factors, such as gender and bodyweight67, an abstinence period of 5 hours may constitute a reasonable practical guideline, as .10% BAC will reduce to approximately .02% BAC (approx. one standard drink) after this time67. 
4.2 Mechanisms of action 
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centrally via non-opioid pathways by binding to N-methyl-D-aspartate (NMDA) receptors at the spinal cord level in mice38,50, and similar mechanisms could be present in humans. Alternatively, analgesia could be mediated by the anxiolytic properties of alcohol55,69, although this possibility has received limited empirical evaluation.  Clearly, future research is required to disentangle the mechanisms through which alcohol confers an analgesic effect, which could serve as a lead to novel treatments for pain.    
4.3 Limitations 
The current meta-analysis was restricted to studies investigating response to noxious stimuli (especially electrical) in healthy participants and this represents a notable limitation. Clinical pain differs from experimentally-induced pain on both psychological (e.g. affect, perceived controllability)49 and physical (e.g. duration, central sensitization)58 components, which may limit the clinical generalizability of the current findings. Nevertheless, if alcohol analgesia is partially mediated through emotional blunting, it may be that analgesia is actually enhanced for clinical pain states given the greater negative affect produced by these states. An additional limitation is that a lack  of available data on average alcohol consumption precludes conclusions on whether analgesic effects are attenuated by previous or chronic alcohol exposure. 
4.4 Future Studies 
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and which help establish causality. Further research is needed to determine clinical generalizability, and additional insights may be gained with the use ischemic and dermal capsaicin experimental pain models that evoke several aspects of clinical pain whilst preserving experimental control58. In addition, the inclusion of an anxiety measure in both experimental and clinical studies would permit an examination of the extent to which alcohol analgesia is mediated by its anxiolytic effects. Finally, future studies should routinely assess average alcohol consumption to estimate whether analgesic efficacy is diminished with sustained alcohol use, and assess the impact of  variables such as pain duration, intensity and age which have been suggested to affect the efficacy of other analgesics58. 
4.5 Conclusions 













ALCOHOL AND PAIN  
  26
5 Acknowledgements 













ALCOHOL AND PAIN  
  27













ALCOHOL AND PAIN  
  28













ALCOHOL AND PAIN  
  29













ALCOHOL AND PAIN  
  30













ALCOHOL AND PAIN  
  31
Figure captions 













Table 1. Characteristics of included studies 

















Pain Measure Quality 
Assessment 
Rating 
Arout et al, 20163 W 18 18 18 intravenous NFH chemical 0.04 
0.10 
pain threshold 11 










Duarte et al, 200812 W 8 8 8 drink NFH pressure 0.084 pain threshold 
intensity ratings 
11 
Fuhrer et al, 200822 W 9 9 9 intravenous NFH chemical 
pressure 
NA pain threshold 7 
Zacny et al, 199871 W 11 11 11 drink NFH cold pressor 0.031 
0.062 
intensity ratings 11 






Lau et al, 199444 W 17 17 17 drink NFH electric 0.11 pain threshold 7 
Finn et al, 1990-a21 W 12 12 12 drink FH electric 0.09 intensity ratings 11 
Finn et al, 1990-b21 W 12 12 12 drink NFH electric 0.09 intensity ratings 11 





































Pain Measure Quality 
Assessment 
Rating 
Woodrow et al, 198869 W 14 14 14 drink NFH pressure 0.07 pain threshold  
pain tolerance 
10 
Finn et al, 198820 W 20 20 20 drink FH electric 0.078 intensity ratings 
discomfort ratings 
10 
Cutter et al, 198710 W 20 20 20 drink NA cold pressor 0.06 intensity ratings 10 
Finn et al, 1987-a19 W 12 12 12 drink NFH electric 0.10 intensity ratings 
discomfort ratings 
11 
Finn et al, 1987-b19 W 12 12 12 drink  FH electric 0.09 intensity ratings 
discomfort ratings 
 11 
Finn et al, 1987-c19 W 12 12 12 drink  FH electric 0.10 intensity ratings 
discomfort ratings 
 11 




Saddler et al, 198557 W 8 8 8 intravenous NFH pressure 0.087 pain threshold 10 
James et al, 197836 W 7 7 7 intravenous NFH pressure 0.11 pain threshold 7 
Chapman  et al, 19658 W 15 15 15 drink NFH heat .07





















Key: Study design: W= within groups; B=Between Groups; PP=pre-post (pre-post in alcohol and placebo groups); Population: NFH= no family history of alcoholism; FH= 
family history of alcoholism 
§Estimated using Widmark equation 








































Records identified through 
database searching 























n Additional records identified 
through other sources 
(n = 7) 
Records after duplicates removed 




(n = 1789) 
Full-text articles assessed 
for eligibility 
(n = 28) 
Full-text articles excluded 
(n = 10) 
Insufficient data & authors not 
contactable (papers 30-82 yrs old) (n=5) 
sample composed of study authors (n=2) 
duplicate data (n=1) 
no response to data request (n=1) 
no suitable pain outcome (n=1) 
Studies included in 
qualitative synthesis 
(n = 18) 
Studies included in 
quantitative synthesis 
(meta-analysis) 





















































• Meta-analysis of 18 controlled experiments supported anagelsic effects of alcohol 
• Small increase in pain threshold, moderate-large decrease in pain ratings 
• Higher blood alcohol linearly related to greater analgesia 













Online Supplementary Material 
 
Appendix S1. Search terms. 
(ethanol OR alcohol) AND ((pain OR nocicept*) OR (analgesi* OR analgesic OR 
analgetic)) AND (Ischemi* OR pressure OR mechanical OR chemical OR capsaicin OR 
cold OR heat OR thermal OR reflex OR electric*) AND "humans"[MeSH Terms] AND 
English[lang] 
 













Online Supplementary Material 
Appendix S2. Quality assessment ratings for each study. 
 Items  
Study 1 2 3 4 5 6 7 8 9 10 11 12 13 Total  
Arout et al, 2016 1 0 1 1 1 1 1 1 1 0 1 1 1 11 
Ralevski et al, 2010 1 0 1 1 1 1 1 1 1 1 1 1 1 12 
Duarte et al, 2008 1 0 1 1 1 1 1 1 0 1 1 1 1 11 
Fuhrer et al, 2008 1 1 1 1 1 1 1 0 0 0 1 0 1 9 
Zacny et al, 1998 1 0 1 1 1 1 1 1 1 0 1 1 1 11 
Stewart et al, 1995 1 0 1 1 1 1 1 1 1 1 1 1 1 12 
Lau et al, 1994 1 0 1 1 1 1 1 1 0 1 0 0 1 9 
Finn et al, 1990 1 0 1 1 1 1 1 1 1 1 0 1 1 11 
Gustafson et al, 1989 1 0 1 1 1 1 1 1 1 1 0 0 1 10 
Gustafson et al, 1988 1 0 1 1 0 1 1 1 1 1 0 0 1 9 
Woodrow et al, 1988 1 0 1 1 0 1 1 0 1 1 1 1 1 10 
Finn et al, 1988 0 0 1 1 1 1 1 1 1 1 0 1 1 10 
Cutter et al, 1987 1 0 1 1 1 1 1 0 1 0 1 1 1 10 
Finn et al, 1987 1 0 1 1 1 1 1 1 1 1 0 1 1 11 
Gustafson et al, 1985 1 0 1 1 1 1 1 0 0 1 1 0 1 9 
Saddler et al, 1985 1 0 1 1 0 1 1 0 1 1 1 1 1 10 
James et al, 1978 1 0 1 0 0 1 1 0 0 1 1 0 1 7 
Chapman et al, 1965 0 0 1 1 0 1 1 0 1 1 0 0 0 6 
Mean score 0.89 0.06 1.00 0.94 0.72 1.00 1.00 0.61 0.72 0.78 0.61 0.61 0.94 9.89 
Key: item 1: Were subjects randomly allocated to groups (in a within-subjects design, was order randomized or counterbalanced)?; item 2: Was there a description of all 
participants who did not complete study measures?; item 3: Were study objectives defined clearly?; item 4: Were the outcome measures defined clearly?; item 5: Was 
there a clear description of the inclusion and exclusion criteria?; item 6: Was there a clear description of the interventions (i.e., pain procedure and alcohol administration 
procedure)?; item 7: Was there at least one control (comparison) group?; item 8: Were all relevant participant characteristics described? (i.e., mean age, sex, drinking 
history, health); item 9: Were complete outcome data reported (i.e., point measures and measures of variability)?; item 10: Were outcome data reported non-selectively?; 
item 11: Was there blinding of subjects?; item 12: Was there blinding of experimenters?; item 13: Were relevant baseline measurements obtained - i.e., recording of blood 
alcohol levels? 
